Abstract: Ballast water effluent treated by an electrolytic method contains reactive chlorine species and disinfection by-products (DBPs). In this study, we conducted whole effluent toxicity (WET) testing and ecological risk assessment (ERA) to investigate its ecotoxicological effects on marine environment. WET testing was carried out for three marine pelagic organisms, i.e., diatom Skeletonema costatum, rotifer Brachionus plicatilis and fish Paralichthys olivaceus. The biological toxicity test revealed that S.
Introduction
During last decades, transportation by transoceanic ships has given rise to many ecological, economic and even human health issues at global scale, because their ballast water helps long distance dispersals of invasive species that might exert potentially harmful effects in new foreign environments Among fifty BWMSs that make use of active substances and received approvals from IMO, twenty four adopted 
Materials and Method

A BWMS Used and Its Operations
A BWMS, MARIOMATE TM of KT Co., Ltd in Korea used in this study adopted an electrolytic method to generate active substances to disinfect aquatic organisms.
The system comprises a filtration unit (Plankill pipe 
Sampling of ballast water effluent
For whole effluent toxicity (WET) testing, 800 and 400 L of ballast water effluent discharged from the control and treated water tanks, respectively, was sampled during the deballasting process (Figure 1; Fertilized eggs and larvae of P. olivaceus were purchased from a fish farm, Gyeonggyangsusan at Yeosu in Korea.
Fish larvae of 30-day-old after hatching and composed of similar body sizes were used for acute toxicity test after acclimating them more than two weeks to laboratory cool-white fluorescent lights using a custom-made temperature-constant circulating water tank. The number of P. olivaceus larvae alive were counted with naked eyes at the end of both tests.
Statistical analysis
After conducting analysis of variance (ANOVA) tests, the lowest concentration that showed a significant statistical difference between control water and test solutions was used as lowest observed effect concentration (LOEC), and the maximum concentration that showed no statistical difference was used as no observed effect concentration (NOEC), based on specific growth rate of S.
costatum, survival and population growth rates of B.
plicatilis, and survival rates of P. olivaceus. Effect concentration of 50% (EC50) of S. costatum, and lethal concentration of 50% (LC50) of B. plicatilis and P.
olivaceus were calculated using a linear interporation method. All statistical analyses were carried out using 
Validity of toxicity tests
All of the tests conducted in this study met validation criteria for each toxicity test in Table 1 .
Chemical Analysis
Reactive chlorine species generated during the electrolytic treatment of test water were expressed as total residual oxidants (TROs) and measured at three sampling 
ERA
We assessed persistency, bioaccumulation and toxicity Table 2) at both operation conditions.
Chemical Analysis
TRO measurement in the ballast water effluent treated by an electrolytic method was carried out at three sampling points in Figure 1 . TRO concentrations in treated water just after the electrolytic treatment were 10.70 and 10.40 mg/L at seawater and brackish water conditions at the test initiation day, respectively, and 5.47 and 1.47 mg/L at the test termination day before neutralization, respectively. In contrast, TRO concentrations in the effluent after neutralization were below the detection limit (< 0.03 mg/L) at both salinity conditions ( Table 3) .
The profile and amounts of DBPs of two points were only presented in this study for brevity, though we analyzed those at six sampling points (Figure 1) . At the seawater condition, a total of 20 DBPs composed of one bromate, nine volatile halogenated organic compounds (VOCs), two halogenated acetonitriles (HANs), seven halogenated acetic acids (HAAs) and one chloropicrin were detected in the test and treated water at the initiation day and in the effluent at the termination day ( 
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